The objectives of this study were to evaluate the effect of radiotherapy (RT) on sexual function in patients undergoing oncologic resection for rectal cancer, and to develop a mathematical model for quantifying the risk of sexual dysfunction through time for this group of patients. Methods: Data were prospectively collected on patients undergoing proctosigmoidectomy (group 1: n ϭ 101) or adjuvant radiotherapy (40 -50 Gy) and resection (group 2: n ϭ 100) for rectal cancer at a tertiary referral center between December 1998 and July 2004. Study end points were recorded at 7 time intervals (preoperatively, 4 months, 8 months, 1 year, 2 years, 3 years, and 4 years after surgery) and included: 1) ability to have an erection, 2) maintain an erection, 3) attain orgasm, 4) dry orgasm, and 5) whether they were sexually active. Multilevel logistic regression analysis for repeated measures was used to identify factors associated with the sexual dysfunction. A predictive model was developed and internally validated by comparing observed and model-predicted outcomes. Results: Radiotherapy had an adverse effect on the ability to get an erection, maintain an erection, attain orgasm, and being sexually active in comparison with patients undergoing surgery alone (7.4%, 12.6%, 16.2%, and 13.7% reduction 8 months after surgery respectively; P Ͻ 0.05). The effect of sexual dysfunction deteriorated with age (odds ratio for erectile function, 0.40 per 10-year increase in age; 95% confidence interval, 0.29 -0.49; P Ͻ 0.001). A significant variability in sexual function was present among the 7 time points with a maximal deterioration occurring at 8 months after surgery with subsequent slow but not complete recovery (P Ͻ 0.001). The predictive model showed adequate discrimination on 4 of the 5 domains of sexual dysfunction (area under the receiver operating characteristic curve Ͼ0.70). Conclusions: Radiotherapy has an adverse effect on sexual function, the effect being maximal at 8 months after surgery. The risk of sexual dysfunction can be quantified preoperatively using the proposed index and can assist patients in making better informed choices on the type of treatment they receive. (Ann Surg 2005;242: 502-511) 
T here have been significant developments in the treatment of rectal cancer over the 20th century, 1 but the specter of local recurrence continues to cast a shadow over the management of this condition. Radiotherapy does appear to have an oncologic benefit 2 but is associated with long-term functional morbidity. A number of studies have reported impaired bowel function when compared with patients not receiving radiotherapy, [3] [4] [5] although heterogeneity of the studies and a lack of standardization of functional outcome make quantitative assessment difficult. There is a suggestion that sexual function is impaired by radiotherapy, 6, 7 but function can also be affected by surgery alone, may be impacted on by other factors such as age, 8 and is difficult to study as a result of the sensitive nature of the topic. Assessment of impairment of sexual function resulting from radiotherapy is important, however, because potential oncologic benefit should not be considered in isolation, but should be balanced by possible functional impairment. Quantification and prediction of the degree of sexual function impairment would benefit both the clinician and the patient in making decisions over optimal management.
The aims of the present study were to evaluate the effect of radiotherapy (RT) on sexual function in male patients undergoing oncologic resection for rectal cancer and to thereby develop a mathematical model for quantifying the risk of sexual dysfunction through time for this group of patients.
METHODS

Data Sources
Patients undergoing surgery for colorectal cancer were identified through the Cleveland Clinic Colorectal Cancer Database initiated in 1976. The database was expanded in 1998 to include prospective functional data. The database provided a comprehensive dataset consisting of patient symptoms, preoperative assessment, surgical treatment, postoperative course, pathology section, long-term complications, and functional outcomes. Functional outcome, including sexual function, was prospectively recorded at 7 time intervals: preoperatively, 4 months, 8 months, 1 year, 2 years, 3 years, and 4 years after surgery. Data validation was performed by requesting duplicate information from patient charts by a dedicated database officer. The study was approved by the Institutional Review Board.
Inclusion and Exclusion Criteria
Prospective data were included on all male patients below 80 years old undergoing elective proctosigmoidectomy, and primary anastomosis for rectal cancer with and without the use of adjuvant radiotherapy. Patients who underwent emergency surgery, Hartmann's procedure, abdominoperineal excision of the rectum, or local resection of rectal cancer as their sole procedure were excluded from the study. All cancers above 15 cm from the distance from the anal verge were also excluded, as well as patients who underwent prior radiotherapy to the rectum or redone proctosigmoidectomy for recurrent disease.
All surgeons had received postgraduate training in the technique of total mesorectal excision (TME) and were practicing staff surgeons in a practice with a high volume of rectal surgery. Surgery was performed as described in previous reports from this institution 9 -11 by sharp dissection of the mesorectum with its investing layer of fascia.
Study End Points
The primary end point was male sexual dysfunction and was defined as 1) the ability to have an erection, 2) the ability to maintain an erection, 3) ability to attain orgasm, 4) presence of dry orgasm, and 5) whether the patient was sexually active. These were set as binary outcomes (yes/no) and were prospectively recorded at 7 time intervals: preoperatively, 4 months, 8 months, 1 year, 2 years, 3 years, and 4 years after surgery. Secondary end points included postoperative mortality, morbidity, readmission, or reoperation occurring within 30 days of the operative procedure and 5-year cancerspecific survival.
Study Design
This was a nonrandomized, observational, case-control study that is based on a retrospective review of prospectively collected data comparing outcomes between 2 groups of patients undergoing surgery for rectal cancer: 1) group 1: patients undergoing proctosigmoidectomy without adjuvant radiotherapy and 2i) group 2: patients undergoing proctosigmoidectomy with 40 to 50 Gy of neoadjuvant radiotherapy.
Risk Factors
The patient and procedural risk-factors included: 1) age, 2) cancer site in accordance to the WHO International Classification of Diseases and Related Health Problems, 3) tumor height from the anal verge, 4) prior colorectal procedure (local resection of rectal cancer or prior colectomy), 5) surgical procedure categorized according to the OPCS4 sys-tem, 12 6) treatment intent classified as curative or palliative, 7) cancer staging according to the preoperative and intraoperative clinical findings and histologic TNM classification for colorectal cancer, 8) tumor grade, 9) tumor size at its maximum diameter, 10) distal or radial resection margin involvement, 11) the use of preoperative/postoperative radiotherapy, and 12) the use of preoperative/postoperative chemotherapy. Each risk factor was assessed at the time of surgery and assigned a "reference" category, which represents the subcategory with the lowest impact on in-hospital mortality (odds ratio of 1), eg, age Յ65 years for "age group."
Statistical Analysis
Univariate multilevel logistic regression analysis for repeated measures was used to identify risk factors related to sexual dysfunction. Continuous variables such as age and tumor height from the anal verge were categorized into clinically relevant subgroups representing groups of increasing operative risk. Risk factors with a univariate P value of Ͻ0.25 were included in the multivariate analysis. Chi-squared or Student t test was used to compare demographic factors between the 2 groups. Chi-squared test was used to asses the impact of radiotherapy on postoperative adverse events and outcome other than 5-year survival, which was assessed by log-rank test. The impact of radiotherapy on sexual function over time was assessed by chi-squared test for trend.
A 2-level logistic regression analysis was used to adjust for multiple risk factors and their interactions. The model used 2 levels of hierarchy, placing the individual patient-related risk factors at the second level and the repeat measures or occasions in level one. The between-subject variability was assessed by the level-2 variance, and the between-occasion within-subject variability was evaluated by the level-one variance, which was set to assume an extrabinomial distribution. 13 Each risk factor was manually entered into the model starting from the most relevant, smallest P value and adding each factor in turn. By observing the odds ratios, the 95% confidence intervals for each new factor, and the change in the loglikelihood statistic, we were able to ascertain whether each variable should remain in the model. The final variable selection was based on clinical relevance and statistical significance. The coefficients derived from the multivariate analysis were multiplied by 10 and used as weights in the nomogram for predicting sexual dysfunction after proctosigmoidectomy for rectal cancer.
Model Validation
The initial model estimates were derived using a firstorder penalized quasilikelihood estimation followed by a Bayesian method using Gibb's sampling to calculate confidence limits and to correct bias in the parameter estimation. 13 The models were internally validated on a random sample of 100 patients drawn from the original study population. There are 2 types of validation, internal and external. Internal validation can be performed using 3 different techniques: split sample validation, jack knife, and bootstrap resampling. Bootstrap resampling is thought to be the optimum technique of internal validation. 14 Internal validation was performed using a "bootstrap" technique of 50% of the study population using 10,000 iterations. Model performance was evaluated by measures of calibration, discrimination, and subgroup analysis. Calibration or goodness-of-fit refers to the ability of the model to assign the correct probabilities of outcome to individual patients. The Hosmer-Lemeshow ĉ statistic was used to assess model calibration. 15 To obtain this statistic, we computed the estimated probability of an adverse outcome for each patient based on the model, ranked them into equal groups of ascending risk, and then statistically evaluated the expected and observed number of outcomes in each group. The statistic assumes that the model has a good fit, and therefore large statistic values and small corresponding P values are indicators of poor model fit. Model discrimination refers to the ability of the model to assign higher probabilities of sexual dysfunction to patients who actually have sexual dysfunction than those patients who do not; this was measured by the area under the receiver operator characteristic (ROC) curve. Values ranging from 0.7 to 0.8 represent reasonable discrimination and values exceeding 0.8 represent good discrimination. 16 Subgroup analysis was performed by comparing the observed and expected outcomes for individual procedures on the validation sample drawn randomly from the original population.
Statistical Software
The following software packages were used: Intercooled STATA 6.0 for Windows (STATA Corp.) and Statistical Package for the Social Sciences version 11 for Windows (SPSS, Chicago, IL) for descriptive and univariate analysis and MLwiN Version 1.2 (University of London) for multilevel modeling.
RESULTS
A total of 201 patients were identified from the colorectal cancer database who matched the inclusion criteria for the study period between December 1998 and July 2004. All patients underwent proctosigmoidectomy with a primary anastomosis by one of 9 staff who adopted a uniform protocol for use of neoadjuvant and adjuvant therapy. One hundred patients underwent proctosigmoidectomy without radiotherapy and were assigned to group 1, and 101 patients underwent proctosigmoidectomy with radiotherapy and were assigned to group 2. All patients who underwent external beam radiotherapy had a total of 40 to 50 to Gy over 4 to 6 weeks by either 3 or 4 portals. All but 5 patients in group 2 underwent preoperative radiotherapy. The patient characteristics and disease presentation are shown in Table 1 . There was no evidence of systematic underreporting of risk factors in the study population.
The 2 groups were similar with respect to treatment intent (palliative vs curative surgery), prior colorectal procedures, N-stage, M-stage, tumor grade, distal and radial margin involvement. A total of 10 patients underwent prior surgery; 5 patients underwent prior transanal excision of a rectal cancer, 4 in group 1 and one in group 2; 4 patients had prior colectomies, one in group 1 and 3 in group 2; and one patient had a defunctioning stoma before receiving radiotherapy. Significant differences were observed between the 2 groups in terms of age, tumor height above distance from the anal verge, depth of tumor penetration (preoperative T-stage), the mean tumor size, and the use of adjuvant chemotherapy. Patients undergoing radiotherapy were younger, the tumor was more often in the lower rectum, and the patients had a higher T-stage than patients not receiving radiotherapy (P Ͻ 0.01).
There were no significant differences in the postoperative adverse events, including surgical or medical complications, readmission rates, reoperation rates, and cumulative 5-year survival, as shown in Table 2 .. There were no postoperative deaths in any of the 2 groups. The 5 domains for sexual dysfunction were evaluated at fixed time intervals, the results of which are summarized in the Table 3 . A significant variability in sexual function in the radiotherapy group was present among the 7 time points with deterioration to 8 months after surgery with subsequent slow but not complete recovery (P Ͻ 0.05). Radiotherapy had an adverse effect on the ability to get an erection, maintain an erection, attain orgasm, and being sexually active in comparison with patients undergoing surgery alone (7.4%, 12.6%, 16.2%, and 13.7% reduction 8 months after surgery, respectively). On univariate logistic regression analysis using the 5 domains of sexual dysfunction as the dependent variables, the patient's age, tumor grade, T-stage, N-stage, the use of radiotherapy, and patient follow up were found to be associated with various adverse sexual outcomes (P Ͻ 0.05). Although 35 patients had tumors above 10 cm from the distance from the anal verge, of which 30 did not receive radiotherapy, the height of the tumor was not found to be a significant predictor of sexual dysfunction on univariate or multivariate analysis. The effect of age on sexual dysfunction was evaluated further by regressing the patients' age and radiotherapy use as independent covariates in a multivariate logistic regression analysis. The ability to get an erection was an age-dependent process with 2.5-fold increase in the likelihood of sexual dysfunction per 10-year increase in age (odds ratio ͓OR͔ for erectile function, 0.40; 95% confidence interval ͓CI͔, 0.29 -0.49; P Ͻ 0.001). Having adjusted for age, patients receiving radiotherapy were 1.8 times more likely to have erectile dysfunction in comparison with patients who did not undergo radiotherapy (OR for erectile function, 0.57; 95% CI, 0.34 -0.95; P Ͻ 0.001).
The results of the multifactorial analyses of 4 of the 5 domains of sexual dysfunction are shown in Table 4 . No independent predictors of dry orgasm were identified by the multivariate analysis except the time intervals that observations were made. With regard to the remaining 4 domains of sexual dysfunction, the following risk factors were found to be independent predictors of sexual dysfunction (shown as adjusted odds ratios with 95% confidence interval): the patient's age, the use of radiotherapy, T-stage (2 of the 4 domains), and the time intervals the observations were made. The between-subject (level 2) and the between-occasion within-subject variance (level 1) were significant across all 5 domains of sexual dysfunction.
A sensitivity analysis was performed to assess whether the differences in demographics between the 2 groups had any effect on the overall estimate. On multivariate analysis, all risk factors were considered that differed between the groups. This did not demonstrate any significant changes in the multivariate analysis and only significant variables were therefore included in the final model. The nomogram for predicting sexual dysfunction on 4 of the 5 domains at various time intervals after proctosigmoidectomy for rectal cancer is displayed in Figure 1 . Model performance was evaluated in 100 patients (validation set), which was randomly drawn from the study population, the results of which are summarized in Table 5 . The discrimination was generally good at all time points (area under the receiver operator characteristic ͓ROC͔ curve of over 0.7) across all domains other than for dry orgasm, in which it was consistently inferior with an ROC curve of under 0.6. The accuracy of discrimination across each domain also varied with the time of follow up, a difference that was not statistically significant as demonstrated in Table 5 . All models showed adequate calibration with no significant differences in the observed and expected outcomes. Subgroup analysis was performed by comparing the observed and model-predicted ability to attain an erection at different time points after proctosigmoidectomy with no significant differences noted (Hosmer Lemeshow test ϭ 4.961, 5 df, P ϭ 0.421).
DISCUSSION
Surgical resection of rectal cancer has been shown to have a significant impact on sexual function in men with erectile dysfunction in 5% to 65% of patients 8, [17] [18] [19] [20] [21] and loss of ability to ejaculate in 12% to 69%. 8, [17] [18] [19] [20] [21] [22] The intimate anatomic relationship of the nerves responsible for sexual function 23 (the sympathetic hypogastric nerves controlling ejaculation and the parasympathetic sacral splanchnic nerves controlling erection) to the rectum within the confines of a narrow male pelvis makes them vulnerable to iatrogenic surgical damage. Extended resections for advanced primary and locally recurrent rectal cancers have reported sexual dysfunction in over 50% of patients. 24 Total mesorectal excision (TME) with dissection outside the fascia propria of the rectum and identification and preservation of pelvic nerves has shown a reduction in impairment of sexual function. Nesbakken et al 17 reported one of 24 patients developing impotence leading to abstinence from sexual activity after TME. However, other authors have shown that some impairment of sexual function remains despite the refinements in surgical technique. Kim et al 25 documented significant decreases in all 5 domains of the International Prostate Symptoms Score (erectile function, satisfaction, orgasmic function, sexual function, and overall satisfaction) after TME as compared with before surgery, although Maurer et al 26 demonstrated that preservation of male sexual function was significantly better after TME than after conventional rectal cancer surgery. Patients undergoing abdominoperineal resection were excluded from the current study because it was considered that factors such as perineal pain, unhealed perineal wound, and permanent stoma could not be controlled for and that this should be considered as a component of a future study.
Surgery may result in sexual dysfunction, but other factors such as patient age and adjuvant therapy may influence function, 8, 18 and this complex interaction makes assessment of the impact of associated factors such as radiotherapy difficult. A study of male patients undergoing radiotherapy alone for bladder cancer reported a reduction in the ability of patients to attain an erection from 72% before treatment to 56% after treatment, confirming that radiotherapy alone will impact on sexual function. 27 A study of radiotherapy for prostate cancer reported erectile dysfunction in 45% of patients after 9 to 18 months of follow up and 77% at 4 to 5 years of follow up. 28 The impact of the addition of radiotherapy to patients undergoing rectal cancer resection has been reported by Bonnel et al. 7 Of 42 patients undergoing resection, 16 received preoperative radiotherapy and 26 surgery alone. All 24 sexually active patients in the surgery group retained the ability to ejaculate as compared with 9 of 11 sexually active patients in the radiotherapy group (P Ͻ 0.09).
The authors concluded that the addition of preoperative radiotherapy to patients undergoing TME may impair male sexual function.
In the current study, radiotherapy appeared to have a significant adverse effect on male sexual function in patients undergoing rectal cancer resection, which is in addition to FIGURE 1 . Nomogram for predicting sexual dysfunction at various time intervals after proctosigmoidectomy for rectal cancer. Instructions for use: Locate the point where a patient has adjuvant radiotherapy (RT) and wants to calculate the probability of attaining an orgasm "RT orgasm." Draw a line straight upward to the "points axis" to determine how many points toward sexual dysfunction the patient receives. Repeat the process for other axes, each time drawing straight upward to the "point axis." The point for age is calculated directly from its own axis. Sum the points achieved for each predictor and locate this sum on the "total points axis." Draw a line straight down to find the patient's probability of attaining an orgasm postoperatively.
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Sexual Dysfunction After Pelvic Radiotherapy any impairment resulting from surgery alone. There was a reduction across all domains, namely the ability to get and to maintain an erection, attain orgasm, ejaculate, and the likelihood of being sexually active. Pelvic surgery has been shown to affect female sexual function, 29 and radiotherapy may be additional to this, 30 but this is an area of future research. The radiotherapy group and the surgery alone group were very similar but did differ in terms of tumor stage, tumor height, postoperative tumor size, and administration of adjuvant chemotherapy. It was to be expected that the tumors in the radiotherapy group would be of a more advanced stage because this would be the stimulus for administration of radiotherapy. The possibility of a more extended resection being required for T4 tumors, thereby increasing the potential for surgery-induced dysfunction, and the fact that there were more of these patients in the radiotherapy group was considered, but the overall number of T4 patients was small and the postoperative tumor size was actually smaller in the radiotherapy group. This is likely to be the result of tumor shrinkage secondary to the radiotherapy. The tumors in the radiotherapy group were closer to the anal verge at a mean of 6 cm as compared with 9 cm, but this difference in height was not a significant predictor of sexual dysfunction, and when adjusted for comparability for height, the difference in sexual dysfunction persisted. There was no difference in postoperative complications between the radiotherapy and surgery alone groups, and the overall 5-year survival was good at 73.6% and 75.9%, respectively. Radiotherapy did significantly affect the ability to get an erection, maintain an erection, attain orgasm, and be sexually active, but the age of the patient and the duration of time after surgery both significantly affected the likelihood of dysfunction. Age-dependent deterioration in sexual dysfunction is well recognized, 18 and there was a marked deterioration between the ages of 55 and 65 years. This is similar to the findings of Havenga et al 8 and Mannaerts et al 24 and is important when individualizing potential morbidity. There was significant variability in sexual function present among the different time points of follow up, with maximal deterioration occurring at 8 months after surgery with a subsequent slow and incomplete recovery. The etiology of this is likely to be multifactorial and may relate to resolution of pelvic inflammation, recovery of nerve function, and alteration in body image over time.
The interaction of factors affecting sexual function is complex and multivariate analysis identified radiotherapy, patient age, tumor stage, and time after surgery as all having a significant impact on each domain of sexual function. It was necessary to develop a model for impairment of sexual function for each functional domain because the impact of the influencing factors differed across the domains. Multivariate analysis was used to identify influencing factors and the extent that they impacted on sexual function both on the level of an individual patient and across the whole group of patients with selected factors being significant across both extents. Testing the individual models for each domain demonstrated good discrimination, as represented by an area under the ROC curve of over 0.7, namely that each model correctly records a higher likelihood of sexual dysfunction for each particular domain for those patients who actually have sexual dysfunction. 16 The accuracy of discrimination across each domain also varied with the time of follow up. The discrimination was generally good at all time points across all domains other than for dry orgasm, in which it was consistently inferior with an ROC curve of under 0.6 and thereby less accurate prediction. Graphic representation of the probability of getting an erection is represented in Figure 1 with the appearance of a good "fit" of the median regression lines. There is inevitably some variation in accuracy across individuals, but the model does appear to give a good estimation of potential erectile function, and this is confirmed by statistical testing of the model. The method of testing the model could be criticized, because it was necessary to both develop and validate the model across the same study group rather than using a split-sample validation technique, which would have been done preferentially if patient numbers had been greater 15 ; however, the model appeared to be accurate. External validation is also required either temporally within the same institution or with an external institution.
Clinical judgment usually forms the basis for patient counseling and decision analysis but is prone to bias, 31,32 and clinicians usually predict the preferred outcome rather than the most likely outcome. 32 Diblasio et al 33 stated that "a nomogram should accurately predict which patients will and will not reach the end point (discrimination), generate predictions that closely approximate actual outcome (calibration), and perform consistently when applied to different data sets (validation)." The nomogram in Figure 2 shows good discrimination and calibration. Validation is very good, but because it has been internally validated, there is the possibility that this is artificially high and validation should be confirmed against external data. The nomogram allows quan- titative prediction of the probability of sexual dysfunction for 4 sexual function domains, taking into account the individual patient characteristics of age, time after surgery, tumor stage, and the application or not of radiotherapy. Dry orgasm has not been included because the model performance was not adequate. The question of the clinical application of this nomogram does arise because otherwise it is an exercise in complex statistical analysis and of academic interest to the treating physician rather than of personal relevance to the patient. It does have an important clinical application; however, if it allows a more complete informed patient consent and particularly if it can impact on management decisions. The primary outcomes when determining management of resectable rectal cancer are survival and local recurrence, but functional outcome is an important consideration, particularly when the potential survival benefit of an intervention is limited but the potential morbidity is not. Radiotherapy does have an important role in the management of rectal cancer and in more advanced tumors when there is concern over the potential resection margin, which is an important component of multimodality therapy. 2 There does need to be consideration of the balance between risk and benefit, however, with the aim of tailoring management to the individual patient. 34 Preoperative staging with magnetic resonance imaging may give some indication of potential benefits from radiotherapy, 35 but application of this model may allow a prediction of potential morbidity, at least in terms of sexual dysfunction, which may aid both the treating physician and the patient in making an evidence-based decision on management.
The application of radiotherapy in the management of male patients undergoing surgical resection of rectal cancer does result in increased sexual dysfunction. The extent of dysfunction is influenced by the age of the patient, and although there is some recovery over time, this is incomplete. It is possible to quantify the risk of sexual dysfunction preoperatively using the proposed index, and this could assist both patients and physicians in making better informed choices on management. 
Discussions
DR. DAVID A. ROTHENBERGER (MINNEAPOLIS, MINNESOTA): It is a privilege to discuss this provocative paper. My congratulations to the authors. This is a difficult, complex clinical subject that is hard to investigate well. As noted in the manuscript, this subject has generated some interest in the past but not a lot of firm data. I don't believe the study design is actually a prospective cohort study as you stated, but instead I would characterize it as a nonrandomized observational case control study. As such, it is a retrospective study with major limitations, so we should keep that in mind. Nonetheless, I think the data presented is useful in assessing impact on sexual function following radiation in male patients.
The thing that intrigued me the most about this paper was the development of a nomogram, and I would like to ask a few questions about that and some of the other aspects of your paper.
Number 1, your report is restricted to male sexual dysfunction and I would like to know whether you assessed the impact of radiation for rectal cancer on female sexual function. Parenthetically, I might note that the Dutch group from Leiden and Nijmegen have just published in the March 20, 2005 issue of the Journal of Clinical Oncology a pro-spective trial of sexual dysfunction in patients who had undergone preoperative short course radiotherapy. They reported that both men and women had sexual dysfunction but that women were more negatively impacted than males.
Secondly, it appears to me that you have tried to validate the nomogram internally using the same population. I am not a statistician, but my statisticians tell me that that is a no-no and that you must validate the nomogram in patients other than those from whom you generated the data to develop the nomogram.
Thirdly, how are you going to utilize the nomogram to predict the likelihood of sexual dysfunction in males undergoing rectal cancer treatments? You suggest we should do so but I would be interested to know precisely how the Cleveland Clinic surgeons intend to utilize this predictive model.
Fourthly, you have excluded abdominoperineal resections from your analysis, and I am wondering why.
Finally, perhaps you could explain the uniform protocol that you referred to in your paper that has been adopted by the group at the Cleveland Clinic for use of neoadjuvant and adjuvant therapy and whether you are going to alter that protocol based on these findings.
DR. ALEXANDER G. HERIOT (LONDON, ENGLAND): I would like to thank Dr. Rothenberger for agreeing to review our paper and for his insightful questions. Taking them in order, your comment this is a nonrandomized case-controlled study is appropriate though all the data were collected prospectively within this study.
You asked why we didn't look at female sexual function. This is a very sensitive area to look at. We did actually obtain data on female sexual function and found that our respondence rates from female patients were lower. The Dutch group is to be commended on being able to obtain this data from the patients. Obviously it may be different in Europe but it is interesting to note that they reported similar results.
You commented on the statistical aspects in terms of validation. As I mentioned at the end of the talk we internally validated the model by randomly resecting 50% of the patient population and testing its accuracy using 10,000 bootstrap samples. When tested the accuracy of the model was adequate, however we do need to evaluate the model externally by testing it with other institutions.
You asked how this model may be applied clinically. I think the main use would be to individualize treatment to patients. You are trying to fully inform patients when you see them in the office. And this does give us the opportunity to give patients more information on the potential benefits and the risks of radiotherapy and of surgery on their sexual function.
We did exclude abdominoperineal resection patients. Though we considered using them, we felt that the possibility of uncontrollable factors such as perineal pain, unhealed perineal wound and permanent colostomy, could confuse the data and make the outcomes less clear. This is 1 of the patient groups that we should be looking at in the future.
There is no uniform protocol for use of adjuvant therapy at the Cleveland Clinic. Therapy is decided on an individual basis. There are broad guidelines however. Patients with a tumor of under 10 centimeters from the anal verge undergo proctectomy with total mesorectal excision. Tumors above 10 centimeters from the anal verge undergo proctectomy with a distal margin of 5 centimeters. Radiotherapy is applied selectively, with the majority of patients with tumor below 10 centimeters who have tumors of a T stage of T3 or greater or which are node positive, most of which are imaged by endoanal ultrasound, will generally receive radiotherapy. Radiotherapy to tumors higher than 10 centimeters is done on a selective basis with very bulky tumors with which we have some preoperative surgical concerns regarding resection margins receive radiotherapy in an attempt to downsize the tumor.
I think the data we have from our study is unlikely to alter the management in the majority of our cases because the oncologic outcome remains the primary outcome. However, in selected patients where there is some debate over the potential benefits from radiotherapy versus potential side effects, it will allow us to make more informed decisions for the optimal management for that patient.
DR. WARREN E. ENKER (NEW YORK, NEW YORK): I didn't get from either the abstract or the presentation whether this was a questionnaire or an interview trial. Both have notorious problems in terms of interpretation. What Dr. Havenga from the Netherlands found when he did his study was that interviewing male patients was extremely difficult. That male patients tended to boast about their performance when speaking to a male and, in the case of decreased performance, they simply didn't want to talk to a female, either a nurse or a physician assistant, if it was an interview process. So the attempt to elicit information has many pitfalls whether it is questionnaire or interview.
Secondly, distal tumors, those which are closer to requiring either a temporary or a permanent stoma and those which require dissection in the very low pelvis, have an increased incidence of sexual dysfunction. And I wonder whether or not those factors were analyzed as part of your multivariate analysis. Dr. Takahashi has pointed out that rectal anastomoses below 4 centimeters from the anal verge are associated in their hands with increased sexual dysfunction despite the practice of autonomic nerve preservation in Japan.
Finally, I am not sure whether I understood it from your presentation or not, but in looking at the ability to sustain an erection, were you able to get any sense or data whether you were dealing with neurogenic or vasculogenic impotence? DR. ALEXANDER G. HERIOT (LONDON, ENGLAND): Thanks for your questions. They show great insight obviously from personal experience of these patients.
On your first question on whether the patients were assessed by questionnaire or by interview technique, all the patients were assessed by a postal questionnaire. If the patients did not complete or return the questionnaire, they were telephoned and interviewed.
On your second question on the potential increase in sexual dysfunction in more distal tumors, in this study where we were only looking at patients undergoing restorative resection, we found that tumor height did not have an impact on the sexual dysfunction. I agree that distal tumors have greater potential risk of damage to the nervi erigenties, in particular anterior tumors, but we certainly haven't shown that in this study with this limited number of patients. The presence of a stoma did not have an impact on this group of patients but again, with an expanded study we may find it does.
Your final question was on the ability of the patient to sustain an erection, whether it was neurogenic or vasculogenic. With the data we had, we didn't get a feel on which of the two was more likely. It would be perhaps interesting to look at these patients and try as a separate study with the use of drugs such as sildenafil to see if we get an idea which was more likely the causative factor of their impotence.
DR. NICHOLAS J. PETRELLI (NEWARK, DELAWARE): I also enjoyed this presentation and would agree with my 2 colleagues' previous comments. However, I think a model like this is necessary. Because, as you know, the paradigm shift in this country is towards preoperative not only radiation but preoperative chemoradiation, combined modality, and with the newer drugs such as oxaliplatin and cadecitabine and many of the targeted agents which are radiation sensitizers, I think we are going to see an increase in the problem of sexual dysfunction.
DR. ALEXANDER G. HERIOT (LONDON, ENGLAND): I quite agree with that question. We are aiming to generate a decision tree model for evidence-based practice. If you are trying to individualize your management for each particular patient, the more information you can get the better.
